We describe a modification of the direct lateral approach to the hip that provides excellent femoral and acetabular exposure and an easy way to shorten the proximal femur and equalize leg length. The approach also is useful for lower extremity elongation while preserving muscle continuity and minimizing postoperative complications. The exact amount of shortening can be calculated and planned preoperatively and measured and corrected intraoperatively if necessary. It avoids the necessity for osteotomies of the trochanter and transverse cuts or detachment of abductor muscles.
Introduction
Numerous surgical approaches to the hip have been described [2, 14] . For patients with high dislocation from developmental dysplasia, for revision hip surgery, and for patients with proximal femoral deformities, special procedures and approaches must be used [2, 3, 14, 15] . These approaches must provide good exposure while allowing extremity length equalization, proximal femoral shortening, anatomic cup placement, and soft tissue balance [3, 4, 12, 14, 17] .
We present an approach allowing these requirements that is a variation of a direct lateral [1, 10] and the Stracathro approach [13] . Although a modified lateral approach, it allows for excellent anterior and posterior acetabular and femoral exposure and provides a simple method of proximal femoral shortening and leg-length equalization, all while preserving abductor muscle continuity.
Materials and Methods
The key advantages of our approach are: (1) preservation of continuity of the abductor and vastus lateralis muscles while allowing extensive femoral shortening; (2) easy conversion to an extended approach; and if necessary, (3) an unlimited amount of femoral shortening. In the described approach, there are two main steps, the first of which is the same as a Hardinge approach [10] or that of Bauer et al. [1] , and the second, which is an addition to the approach of Hardinge and Bauer et al. and could be described as an inverted or dorsally mirrored Hardinge or Bauer approach. The abductor muscles are stripped from the greater trochanter and there is no trochanteric osteotomy during the approach which differs from the Stracathro approach [13] . Unlimited femoral shortening Kresimir Korzinek-retired. Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
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at the proximal end of the femur makes our approach different from other approaches and techniques because other approaches divide the femur in two parts (either at the subtrochanteric level or trochanteric level) [2, 3, 12, 13, 15] . The patient can be placed in either the supine or lateral decubitus position. A straight skin incision is performed over the greater trochanter, extending proximally 4 to 5 cm and distally as far as necessary (usually 6 to 7 cm). The fascia lata is incised distally in line with the fibers, parallel to the femur, and proximally between the gluteus maximus and the fascia lata muscle, also in line with the fibers. The gluteus medius is split exactly in the middle of the greater trochanter, extending distally in line with the fibers of the vastus lateralis muscle as far as necessary and proximally in line with the fibers of the gluteus medius, proximally up to 4 cm to protect the transverse branch of the superior gluteal nerve. The anterior half of the continuous tendon is detached either by cautery or with a chisel. If the chisel is used, a thin layer of bone from the greater trochanter remains attached to the continuous tendon of the gluteus medius and the vastus lateralis (Fig. 1A) . The posterior half of the continuous tendon of the gluteus medius and the vastus lateralis is always detached with the chisel leaving a bone flake of at least 2 to 3 mm thickness attached to tendons (Fig. 1B) . The extracapsular exposure is continued anteriorly and posteriorly up to the acetabulum. After capsulotomy and resection of the femoral neck (as for any standard THR), the proximal femoral stump can be moved anteriorly or more often posteriorly for better observation of the anterior and posterior columns. Easy access to the true level of the acetabulum is gained and the cup can be placed in the desired position (Fig. 1C ) [16] . If the cup is for any reason placed more proximally than desired, resection of the proximal femur must be adjusted accordingly. During femoral broaching and trial repositioning, additional proximal femoral shortening can be performed ( Fig. 1D ) and the desired leg length achieved ( Fig. 1E ). With distal relocation of the femoral head into the original acetabulum and shortening, the original tendinous attachment of the abductor muscles (with the flake of bone) will be proximal to its original insertion (which is moved distally). We do not reattach this flake to its original position so the proximal part of the vastus lateralis will be proximal to the original attachment on the femur and it becomes a functional part of the abductor muscles. For closure, we recommend tendon suturing with the addition of one or two transosseous sutures (Fig. 1F ). In this way, abductor muscle continuity is preserved and the basic principles of minimally invasive surgery are followed. We used this approach in 12 patients with developmental dysplasia undergoing THA from January 2003 to December 2004 (Fig. 2) . All patients were females with high hip dislocation (Crowe Type IV [5] ). The average age of the patients was 46 years (range, 38-59 years). The mean body mass index was 25.6 kg/m 2 (range, 19-28 kg/m 2 ; median, 26.3 ± 3.2 kg/m 2 ).
The operating surgeon (DD) evaluated all patients 6 weeks postoperatively, every 3 to 4 months during the first year, 12 months postoperatively, and then at least once a year. Improvement of abductor muscle strength in the majority of patients was observed subjectively (DD) between the third and sixth months postoperatively; however, some patients had improvement of abductor muscle strength after 12 months postoperative. All patients with a minimum followup of 24 months (mean, 36 months; range, 25-48 months) were invited for a final and independent evaluation, which was performed by the second author (GB).
Results
The average postoperative Harris hip score at a mean of 36 months was 96.7 (range, 92.2-100; median, 96.7 ± 3.1). All patients were evaluated clinically for range of motion and muscle strength (Chatillon MSC-500 dynamometer, Ametek S.A.S., Elancourt, France) ( Table 1) . All measurements and evaluations were performed by the second author (GB).
Limb lengths were measured preoperatively and postoperatively on standing whole limb anteroposterior view radiographs by one of us (GB). All radiographs were digitized and standardized for magnification. The femur on the postoperative radiograph was superimposed on the preoperative radiographs and medial and lateral femoral shortening were measured. The average extremity elongation measured clinically was 4.5 cm (range, 3-7 cm; median, 4.0 ± 1.1 cm), whereas the average proximal femoral shortening measured on the anteroposterior view on the medial side was 1.9 cm (range, 0.5-3.0 cm; median, 2.0 ± 0.8 cm) and 2.3 cm on the lateral side of the femur (range, 0.5-3.5 cm; median, 2.3 ± 1 cm). In all patients, the acetabular cup was placed in the true acetabulum. Postoperatively, the leg-length discrepancy was less than 0.5 cm in 11 of the 12 patients. In one patient, the surgically treated leg was 1.5 cm shorter.
The average relative distance in millimeters between the ideal center of rotation using the postoperative center of rotation was measured according to the method of Ranawat et al. [18] . The mean difference was 8 mm (range, 1-14 mm; median, 8 ± 4 mm).
None of the patients limped or had a positive Trendelenburg sign at final followup (Video 1. Supplemental materials are available with the online version of CORR). No patients had a peroneal nerve palsy. We observed no instances of heterotopic ossification in these 12 patients, but one patient who had more recent surgery and less than the 24 months minimum followup underwent reoperation for heterotopic ossification.
Discussion
This extension of the direct lateral approach is easy and quick to perform. It can be performed following basic principles of minimally invasive surgery (muscles are never cut transversely), and the approach can be extended distally when necessary. Indications for this approach include THA in patients with high hip dislocation (Crowe Type IV [5] ). The technique also addresses common pitfalls, especially those occurring during THA for patients with acetabular dysplasia, high dislocation, gross leg-length discrepancies [12, 17] , and in difficult revision cases; specifically we believe the approach will (1) reduce the nonunions or malunions which may occur after trochanteric or subtrochanteric osteotomy, (2) avoid the use of long femoral stems for bridging osteotomy sites in cases of subtrochanteric osteotomies, (3) reduce the possibility of development of irritation of tractus iliotibialis because no hardware is used for fixation of the greater trochanter, and (4) allow virtually unlimited distalization of the center of rotation without excessive tension of the gluteus medius which is markedly shortened in high hip dislocations or long-standing resection arthroplasties of the hip. It allows superior acetabular exposure and proper cup placement. Several additional techniques can be used for cup placement in the true acetabulum such as cotyloplasty or acetabular roof reconstruction [7, 8, 11] . This approach also enables substantial lower extremity elongation [11] while preserving muscle continuity. However, changes in the postoperative position of anterior and posterior structures (rotator muscles) may occur because these muscles remain attached to the bone detached from the anterior and posterior half of the greater trochanter. Sciatic nerve palsies are possible in extreme elongations (although we have had no such occurrences). Nerve palsy, however, usually develops because the nerve is injured with posterior retractors or after large hematomas [6, 9] . We do not advise proximal extension greater than 4 cm because of the possibility for superior gluteal nerve lesion, but this disadvantage is common to all lateral approaches. It is crucial to always split the abductor muscles (gluteus medius and vastus lateralis) in line with the muscle fibers and avoid transverse cuts. The important technical step in this approach is to detach the posterior half of the continuous tendon of the gluteus medius and vastus lateralis with a chisel. At least 2 to 3 mm of underlying bone should be chiseled because the tendon tissue in this area is thinner than in the anterior part leading to a high risk of ruptures and tendon tears. Owing to the bony flake of the greater trochanter, ectopic ossification may occur in some cases. The rehabilitation protocol is the same as in any primary THA because continuity of the abductor muscles is preserved. We recommend that patients continue muscle strengthening because some patients experienced improvement in abductor muscle strength even after 12 months postoperatively. When performing THA through the direct lateral approach and proximal femoral shortening is needed, the surgeon can easily extend the incision. The amount to be shortened can be calculated and planned preoperatively, subsequently measured, and finally corrected intraoperatively if necessary. The approach also enables full exposure while preserving continuity of the abductor muscles. It eliminates the necessity for osteotomies of the trochanter and transverse cuts or detachment of the abductor muscles.
